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ABSTRACT 
The effect of temperature on the development of the predators Nephus includens 
(Kirsch) and N. bisignatus (Boheman) (Coleoptera: Coccinellidae), was studied. The 
development time of immature stages and the pre-oviposition period of adult females 
for the two predators was recorded at eight constant temperatures (10, 15, 20, 25, 30, 
32.5, 35 and 37.5°C). The beetles were reared on eggs, nymphs and female adults of 
Planococcus citri (Risso) (Homoptera: Pseudococcidae) that had developed on 
squash (Cucurbita pepo) and on sour orange leaves (Citrus aurantium). Using the 
linear mode! for the biological cycle of N. includens on squash and on sour orange 
leaves, the developmental zeros (lower temperature thresholds) were estimated to be 
10.9 and 11.0°C respectively and the thermal constants, 490.5 and 472.8 day-degrees 
respectively. Using the Lactin model the lower thresholds were estimated to be 11.1 
and II.2°C respectively and the upper thresholds 36.1 and 36.0UC respectively. For 
the biological cycle of N. bisignatus, using the linear model, the lower thresholds 
were estimated to be 9.4°C on squash and 9.3°C on sour orange leaves and the ther-
mal constants were 614.3 and 647.9 day-degrees respectively. Using the Lactin 
model the lower thresholds were estimated to be 9.9 and 10.0"C respectively and the 
upper thresholds, 34.7 and 35.0"C respectively. The survival rate of N. includens in-
stars at 10, 15, 20, 25, 30, 32.5, 35 and 37.5°C on squash and on sour orange leaves 
was respectively 0, 34.9, 63.2, 70.6, 63.3, 54.5, 19.8, 0, and 0, 32.2, 61.0, 68.0, 68.3, 
56.6. 17.6, 0%. The survival rate of N. bisignatus instars at 10, 15, 20, 25, 30, 32.5 
and 35°C on squash and on sour orange leaves was respectively, 0, 39.9, 61.1, 60.7, 
47.2, 26.4, 0 and 0, 35.7, 65.7, 68.0, 44.2, 29.1, 0%. The results show that N. in-
cludens has a shorter biological cycle than N, bisignatus, whereas the latter species 
has lower temperature thresholds. 
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Introduction 
Temperature is the main abiotic factor 
influencing the biology, ecology and 
population dynamics of pests and their 
natural enemies. In biological control, details 
concerning such responses are useful to 
select natural enemies that are best adapted 
to conditions favoring target pests (Jervis and 
Copland 1996, Obrycki and Kring 1998). 
Biological control, whether using introdu­
ction, conservation or augmentation ap­
proaches, is facilitated when the climatic 
responses of biocontrol agents, especially to 
temperature, are known. 
Nephus bisignatus (Boheman) and N. in­
cludens (Kirsch) (Coleoptera: Coccinellidae) 
are species of the palearctic region and im­
portant indigenous predators of mealybugs 
(Homoptera: Pseudococcidae) in Greece 
(Argyriou et al. 1976, Kontodimas 1997), 
Both species are among the less studied coc-
cinellids with limited knowledge about their 
biology, and no experimental data concern­
ing the influence of temperature on their de­
velopment are available. 
Nephus bisignatus is distributed 
throughout Northern Europe (South Norway, 
Finland, Sweden, Denmark, Netherlands and 
Germany) (Pope 1973), but it has also been 
reported in Morocco, South France, Italy and 
Portugal (Pope 1973, Francardi and Covassi 
1992, Magro and Hemptinne 1999, Magro et 
al. 1999). It has been recently reported in 
Greece on Thuja orientalis L. (Cupressaceae) 
and Pistacia lentiscus L. (Anacardiaceae) 
infested by Planococcus citri (Kontodimas 
1997). There is no data concerning any bio­
logical features of N. bisignatus. Nephus in­
cludens has been reported in Greece, Turkey, 
Italy, Spain, and Portugal (Bodcnhcimer 
1951, Viggiani 1974, Argyriou et al. 1976, 
Longo and Benfatto 1987, Suzer et al. 1992, 
Katsoyannos 1996, Magro and Hemptinne 
1999, Magro et al. 1999). Tranfaglia and 
Viggiani (1972) found that the female laid 
150.6 eggs and lived 74 days at 25-27°C 
preying on P. citri. Kontodimas (2003, 2004) 
studied the effect of temperature on many 
biological features of N. includens. The aver­
age total fecundity was 49.2, 97.8, 162.8, 
108.5, 87.4 and 31.1 eggs / female at 15, 20. 
25, 30, 32.5 and 35°C, respectively, while 
females lived 99.5, 84.7, 69.5, 61.1, 49.6 and 
30.1 days, respectively, at the above men­
tioned temperatures. The predator completes 
five generations in Greece, whereas N. bisig­
natus four. They both overwinter as adults 
and reach population peak during August and 
September (Kontodimas 2004). 
The effect of temperature on the dura­
tion of immature stages and the pre-
oviposition period of TV. bisignatus and N. 
includens were studied here. The thermal 
thresholds were estimated using the linear 
and the Lactin model. 
Materials and Methods 
Nephus bisignatus and TV. includens were 
originally collected in 1997 from Thuja 
orientalis L. (Cupressaceae) in Attiki 
(Central Greece), and Citrus sp. (Rutaceae) 
in Preveza (Northwestern Greece), respe­
ctively, infested by P. citri. The same 
mealybug was used as prey for predator 
rearing in the laboratory. Citrus mealybug 
was reared with two ways: 
i) on pumpkins (Cucurbita pepo) 
ii) on Citrus aurantium leaves, 
at 25°C, L:D 16:8h photoperiod and 65% 
relative humidity, in large plastic boxes 
(30x40x15cm) tightly covered in the top with 
mesh (hole: 0.3x0.4cm). Both predators were 
reared in large cylindrical plexiglass cages 
(50cm height χ 30cm diameter) containing 
excess of prey under controlled conditions of 
temperature (10 ± 1, 15 ± 1, 20 ± 1, 25 ± 1, 
30 ± 1, 32.5 ± 1, 35 ± I and 37.5 ± 1°C), 
relative humidity (65 ± 2 %) and photoperiod 
(L:D 16:8h). Additionally, male-female pairs 
of each coccinellid were kept separately in 
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Plastic petti dishes (9 cm diameter χ 1.6 cm 
height) with abundance of prey in same 
conditions as above. The eggs for develo­
pment measurements were collected from 
these pairs. AH experiments and rearings 
were conducted in SANYO incubators, 
models MLR-3500T, 3500HT. 
In order to study the development and 
survivorship of immatures of the two preda­
tors, newly-laid eggs were placed individu­
ally in plastic Petri dishes in the above men­
tioned temperatures in the incubators. Upon 
hatching coccinellid larvae were constantly 
supplied with excess of P. citri of various 
stages. Progress in development and survival 
was assessed every 12 hours. In case of im­
mature mortality the dead individual was 
removed and replaced by another of the same 
age, taken from laboratory rearing. Thereby, 
twenty-five individuals of each species com­
pleted their development until adult emer­
gence. The pre-ovipositional period (time 
interval required for ovary maturation and 
initiation of mature egg production) was 
measured for newly emerged females (N=25) 
of both species. Each female was isolated 
with a male in plastic petri dishes with excess 
of prey. Observations for initiation of ovi-
position were made every 12 hours. The total 
time for completion of the biological cycle 
(time elapsed from egg stage until adult ovi-
position) was estimated by adding the dura­
tion of immature stages with the respective 
pre-ovipositional period. Data were submit­
ted to analysis of variance at a=0.05. Means 
were separated by using the Tukey - Kramer 
HSD Test (Sokal and Rohlf 1995). Data were 
also submitted to 3-way ANOVA at a=0.05 
for the significance of the main effects and 
interactions. The main effects were: a) spe­
cies b) temperature and c) host of prey. Sta­
tistical analysis was performed by using the 
statistical package with JMP v, 4.02 (SAS 
1989). 
TABLE 1. Mathematical models that were used to describe the effect of temperature on the 
development of N. bisignatus and A^ . includens. 
Equation Model Reference 
D = Κ/(temp - t ) 
I ' min 
Κ = D • (temp -1 ) 
min 
— = ~-temp--^ 
D Κ Κ 
r = b- temp + a 
(2) 
(3) 
(4) 
Linear or 
thermal 
summation 
U varo ν 1931, Wigglesworth 
1953, Campbell et al. 1974, 
Campbell and Mackauer 
1975, Johnson et al. 1979, 
Obrycki and Tauber 1982, 
Logan 1988, De Clerq and 
Degheele 1992, Lamb, 1992, 
Fomasari, 1995, Lactin and 
Johnson 1995, Stathas 2000, 
Muniz and Nombela 2001. 
D 
ρ'temp 
e -e 
P-'n 
t
m
-temp 
λ (5) Lactin 
Lactin et al. 1995, Lactin and 
Johnson 1995, Briere and 
Pracros 1998, Royer et' al. 
1999, Muniz and Nombela 
2001, Tobin et al. 2001, Roy 
et al. 2002 
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In addition, the Linear model and the Lac­
tin model (Table 1) was used and the fol­
lowing standard thermal indices were cal­
culated: 
The lower developmental threshold (f
m
/„). 
The minimum temperature at which the 
rate of development is zero or there is no 
measurable development. The SE of t
mi„, 
when calculated from linear models, is: 
b \ N - ? L * -I 
where s2 is the residual mean square of r, 
r is the sample mean, and Ν is the sample 
size (Campbell et al. 1974). 
The upper developmental threshold (t
ma}). 
The maximum temperature at which the 
rate of development is zero or life cannot 
be maintained for a prolonged period, 
The optimum temperature for development 
(t
opt). The temperature at which the rate of 
development is maximum. It is estimated 
as the parameter value for which their first 
derivatives equals to zero. 
The thermal constant (K). The amount of 
thermal energy (day-degrees) needed to 
complete development. The thermal con­
stant Κ can be estimated only by the linear 
equation as the reciprocal of the slope b, 
K=l/b.TheSEofKis: 
SE 
SEK=—γ- (Campbelletal. 1974) 
The survival of the two predators under the 
experimental temperatures were described 
by the equation 
Survival = a • temp + b · temp + c (6) 
(Izhevsky and Orlinsky 1988), that could 
be also be written 
Survival = a -(temp- tMJ2 -(t^-temp) (7). 
Two statistics were used to evaluate good­
ness of fit. The coefficient of determina­
tion (for linear model) or the coefficient of non­
linear regression (for non-linear models) (R2) 
and the residual sum of squares (RSS). The 
higher the values of R2 and lower of RSS, the 
better the fit is. 
In the linear regression, the last data value, 
which deviated from the straight line, was 
omitted. The omission was necessary for the 
correct calculation of the parameters t
mm
 and Κ 
(De Clerq and Degheele 1992). Furthermore, 
equations (1) and (3)(Table 1) were considered 
as equivalent, and parameters Κ and t
mi„ were 
estimated from the linear regression. In other 
studies, these equations have been considered 
as different models and the parameters Κ and 
rKi„ have been estimated from the nonlinear 
regression of equation (1) (Johnson et al. 1979, 
Fornasari 1995, Muniz and Nombela 2001). 
The non-linear regression was analyzed with 
the Marquardt algorithm (Marquardt 1963) 
using the statistical programs JMP v.4,0 (SAS 
1989) and SPSS ν.9.0. (SPSS 1999) 
Results and Discussion 
The development time, pre-oviposition period 
and duration of biological cycle of both 
predators at eight constant temperatures are 
presented in Tables 2 and 3. None of the 
species succeeded in completing development 
at 10 and 37.5 °C, while N. bisignatus did not 
complete it at 35 °C, as well. The rate of 
development was positively correlated with 
temperature until the upper limit of 32.5°C and 
30°C for Λ', includens and TV. bisignatus, 
respectively. As far as pre-ovipositional period 
is concerned, the ovaries of N. includens 
showed a higher maturation rate as they start 
ovipositing about 1-2 days earlier than N. 
bisignatus. 
Differences in the total time of the biologi­
cal cycle of the two predators were only mar­
ginally significant, biologically meaningless, at 
temperatures < 20°C (Table 4). At higher 
temperatures TV. includens completed 
development faster than TV. bisignatus. The i„,;„, 
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tmm and tm for the biological cycle of the had generally lower temperature thresholds 
two predators showed that AT. bisignatus than TV. includens. 
TABLE 2. Duration (Mean±S.D.) of development Nephus includens at various constant temperatures 
(n, in parentheses), 
Host of prey A: Planococcus citri on Cucurbita pepo pumpkins 
Pre-
Tempe-raturc [« instar 2nd instai' Winstar 4*instar imposition Total im- Biological 
(°Q E g larva larva larva larva ^ " ^ ^ F e r i o t i m a t u r e " ^ 
(adult - (egg-adalt) (egg-egg) 
. ÊÊ£) 
lo+i 
. - , 26.84+1.28 8.18*0.24 6.36+0.34 7.26+036 15.12+0.79 6.08±0.66 24 14+113 
I 5 ± 1
 (33) (30) (31) (29) (28) (26) (27) ™^& ».98*1.12 H432+1.6I 
, * . , 13.18±1.07 4.82+0.24 3.78+0.25 4.04+0.20 5.84+0.31 2.96+0.35 11.72+108 
^ (29) (26) (27) (26) (S) (26) (27) 9 4 8 i 0 - 3 7 4 « - 3 1 i f t 8 5 55,82+1.10 
8.28+0,36 2.56+0.22 2.08+0.19 2.34+024 4.10+0.33 1.64+0.45 8 12+030 
2 5 ±
' (27) (27) (27) (26) (25) (26) (26) 5 7 8 * ° 3 8 2 9 · 1 2 ^ - « 34.90+0.46 
3 0 + 5.38+030 2.04+0.14 I.5S+0.I9 1.88+0.22 3.46+0.29 1.32+035 5.28+0.38 . , « „ , „ „„ 
3f t±1
 (28) (28) <26) (26) (26) (26) (28) 4 ' 5 f e 0 ' 1 7 ^ ^ 25.50+0.66 
, 4.98+0.39 1.84+0.24 1.52+0.34 1.68+0.35 3.04+0.32 1.18+0.24 4.44+0.58 
3 2 5 ± l
 (29) (28) (28) (27) (26) (26) (27) 4 · ' ^ « 18.68±1.14 22.80±1,53 
, , 5.68+0.89 2.42+1)66 1.68+0.56 1.74+0.29 3.32+0.48 1.52+0.51 5.06+0.55 
3 5 ± 1
 (36) (32) (31) (31) (3Û) (29) (32) 4«*>-31 21.42*1.44 25.84±1.57 
37.5+1 
Host of prey B: Planococcus citri on Citrus aurantium leaves 
Pre 
Temperature l'instar 2nd instar 3d instar 4'" instar imposition Total im- Biological 
f t ) bes larva larva larva lana ^ ρ ι 1 ρ 3 ^ P " P e r i o d ™ t u r e ^ 
(adult- (egg-adult) (egg-egg) 
£SS> 
10+1 
27.04+2.73 7.58±1.03 5.62+0.73 732±i).64 13.92±1.39 5.78+0.75 22,56±1.56 , „
 a
, . ,
n B O B , , ,„ 110.72+3.8 
(32) (30) (29) (30) (27) (27) (27) 2 0 - 9 0 ± l ™ 89.82+3.79
 ? 
9 r w . 12.74+1.41 4,52+0.47 3,58+0.34 3.88+0.42 5.68+0.48 2.84+0.40 11.26+1.19 „ , 
2 0 ± 1
 (28) (27) (27) (25) (25) (28) (28) 8 ' % ± f t 7 3 4 4 5 0 ± 2 ! 7 53«±2.70 
7.84*1.05 2.70+0.58 2.00+0.25 2.22+0.25 3.96+0.43 1.56+0.42 7 9S±0 59 
2 5 ± !
 (28) (27) (26) (26) (26) (26) (26) 5 / , Ζ ± α 4 6 » - » * I · * 33.88±1.49 
, - 3.16+0.49 2.08+0.24 1.54+0.35 1.88+036 3.42+0.45 1.34+0,35 5.10+0.50 , 
3 ( i t l
 (28) (27) (25) (25) (26) (26) (28) 4 Ω ± ° « 20.52+1.11 25.14+1.30 
, , , . 4.48+0.53 1.80+0.32 1.42+0.37 i.t)0±0.32 2.9O±0.35 1.14+0.23 4.18+0.50 , „„ „ 
3 1 5 ± 1
 (30) (27) (27) (27) (26) (26) (26) 3 3 0 i i > M "7.52±1.18 21.42+1.59 
,«. , 5.44+0.98 2.10+0.71 1.62+0,55 1.80+0.29 3.54+0.78 1.36+0.57 4.96±0 71 
3 5 ± 1
 (37) (31) (33) (33) (32) (30) (29) 4 M ± a 3 8 2ft82±2.W 25.36+2.20 
37.5+1 - - - - . . 
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The fitting of linear and Lactin equations 
on data of Tables 2 and 3 is presented in 
Figure 1. The survival of the two predators 
under the experimental temperatures is 
presented in Figures 2-5. Using the equa­
tions (3) and (5) (Table 1) the lower 
thresholds for N. includens and N. bisigna­
tus were estimated to be 9.0-11.1 °C and 
7.0-10.6°C, whereas using the equation (7) 
they were estimated to be 9.4-12.2°C and 
95-11.3 °C respectively. For N. bisignatus us­
ing Lactin equation the upper thresholds for N. 
includens and N. bisignatus were estimated to 
be 36.0-38.8°C and 34.3-36.4°C respectively, 
whereas using the equation (7) were estimated 
to be 37.5-39.4°C and 35.1-36.5°C respec­
tively. Furthermore, a 3-way ANOVA for dura­
tion of development with species, temperature 
and host of prey as factors is presented in Table 
5. 
Table 3. Duration (Mean±S.D.) of development Nephus bisignatus at various constant temperatures 
(n, in parentheses). 
Host of prey A: Planococcus citri on Cucurbita pepo pumpkins 
Fiato 1<* instai- Πη^ PmSZt - ^ 
6 6
 h r v a h r v n arva larva 
Tempe­
rature 
CO 
Pre-
oviposition Total itnma- Biological 
Pupa Period ture cycle 
(adult - (egg-adult) (egg-egg) 
SSI) 
10±l 
15+1 
20+1 
25*1 
30±1 
323*1 
35±! 
27.02*1.08 8.52*0.57 6.58*0.43 7.90+0.60 13.28*0.78 5.16*0.51 22.76+1.20
 2 | 7 6 + { ) O 0 o, 22±226 112 98+2 51 
(32) (30) (29) (29) (27) (27) (26) ' 
14.02*0.99 5.08*0.37 3.92*0.37 4.94*0.58 6.38+0.65 2.88+0.44 10.82*0.89
 ! 0 0 2 + 0 59 48 04±2 35 58 06±2 90 
(30) (27) (26) (26) (26) (26) (27) 
9.10*0.48 3,36.1.0.40 2.48*0.42 3.34±0,S5 4.26+0.1-1 1.76+0.25 7,28+0.66
 6 4 g ± u 7 6 3 t 5 ! j ± 1 59 3 8 06±2 25 
(28) (27) (27) (27) (26) (26) (27) 
7.10*0.58 2.92*0.47 2.10*0.41 2.68*0.66 3.56*0.46 1.50*0.25 5.22*0.60 5
 24+0 46 25 08*2 11 30 32±2 14 
(30) (28) (27) (27) (28) (27) (29) 
8.04*0.75 3.08*0.43 2.32+0.35 3.14*0.70 4.06*0.71 1.78+0.33 5,62*0.92
 6 2 6 + o 63 28 04±146 34 30*1 84 
(34) (30) (31) (30) (29) (28) (30) 
Host of prey B: Planococcus citri on Citrus aurantium leaves 
1" instar T> instar 3"1 instar 4* instar pIclmm 
SS Is™» ΙΛΙ-VÏÏ larva larva 
Tempe-
rature 
PC) 
Pre-
ovipositìon Total imma- Biological 
Pupa Period ture cycle 
(adult - (egg-adult) (egg-egg) 
ÏStà 
10+1 
15*1 
20*1 
25*1 
30±1 
32,5*1 
35*1 
27.80*2.30 8.76*0.91 7,02*0,77 8.40+0.60 13.96*1,07 5.76*0,74 23.38*1.83 - , « ^ «
 9 , n^àm Π7.30+3.Β4 
(31) (31) (29) (30) (27) (27) (28) ' " ' ' " ' 
14,88*1.25 5.50*0.56 4.14*0.55 4.70*0.71 7.02+0.68 2,76*0,46
 | ] 2 3 ± Q 7 1 ,ο 5 2 ± 1.03 50.28*2.35 60.80+2.87 
(29) (26) (27) (25) (26) (27) 
9.22*0.66 3.56*0.63 266+0.51 3.52*0.55 4.48+039 1,80*0.25 7.42*0.76 „ 32 66*141 39 30*2 30 
(27) (27) (26) (27) (25) (26) (27) 
7.56*0.73 3.04*0.48 2.26*0.44 2.72+0.72 3.74+0.58 1.56*0.30 5.58+0.79
 5 5 4 ± 0 5 e 26 46*2 19 32 00*2 43 
(31) (29) (27) (26) (27) (27) (30) 
8.48*0.78 3.20*0,50 2.58*0.55 3.18+0.79 436*0.77 1.94*0.30 5.98*0.87
 664Μ}Ή 2 ο 7 2 + ι 3 4 3636*1 74 
(33) (29) (29) (31) (29) (29) (29) 
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[ABLE 4. Comparison of host 
Egg 
N. includens 
on on 
C.pepo C.aurantium 
26.84 a 27.04 a 
13.18 a 12.74a 
8.28 a 7.84 a 
5.38 a 5.16a 
4.98 a 4.48 a 
5.68 a 5.44 a 
plants and predatore by using the Tukey - Kramer HSD test. 
N. bisignatus 
on on 
C.pepo C.aurantium 
27.02 a 27.80 a 
14.02 a 14.88 a 
9.10 b 9,22 b 
7.10b 7.56b 
8.04 b 8.48 b 
2 instar larva 
N. includens 
on on 
C.pepo C.aurantium 
6.36 a 5.62 a 
3.78 a 3.58 a 
2.08 a* 2.00 a* 
i . 5 8 a 1.54 a 
1.52a 1.42a 
f .68a 1.62a 
iV. bisignatus 
on on 
C.pepo Cauramium 
6.58 a 7.02 a 
3.92 a 4.14 a 
2,48 b* 2.66 b* 
2.10 b 2.26 b 
2.32 b 2.58 b 
4a' instar larva 
/V. includens 
on on 
C.pepo C.aurantium 
15.12 a 13.92 a 
5.84 a* 5.68 a* 
4.10 a 3.96 a 
3.46 a 3.42 a 
3.04 a 2.90 a 
3.32 a 3.54 a 
iV. bisitinaius 
on on 
C.pepo Cauramium 
13.28 a 13.96a 
6.38 b* 7.02 b* 
4.26 ab 4.48b 
3.56 a 3.74 a 
4.06 b 4.36 b 
Pupa 
H. includens 
o n on 
C.pepo C.aurantium 
24.14 a 22.56 a 
11.72a 11.26a 
8.12 a* 7.98 a* 
5.28 a 5.10 a 
4.44 a 4.18 a 
5.06 a 4.96 a 
Total immature (egg-adult) 
iV. includens 
on on 
C.pepo C.aurantium 
93.98 a* 89.82 b* 
46.34 a * 44.50 b * 
29.12 a 28.26 a 
20.94 a 20.52 a 
18.68 a 17.52 a 
21.42 a 20.82 a 
/v, bisi&netus 
on on 
C.pepo C.aurantium 
22.76 a 23.38 a 
10.82 a 11.28 a 
7.28 b* 7.42 b* 
5.22 a 5.58 a 
5.62 b 5,98 b 
(V, bisignatus 
on on 
C.pepo C.aurantium 
91.22 b* 95.08 a* 
48.04 c* 50.28 d* 
31.58 b 32.66 b 
25.08 b 26.46 b 
28.04 b 29.72 b 
l a instar larva 
N. includens 
on on 
C.aurantium C.pepo 
8.18 a 7.58 a 
4.82 a 4.52 a 
2.56 a 2.70 a 
2.04 a 2.08 a 
1.84 a 1.80 a 
2.42 a 2.10 a 
N. bisignatus 
on on 
C.pepo C.aurantium 
8,52 a 8.76 a 
5,08 a 5.50 a 
3.36 b 3.56 b 
2.92 b 3.04 b 
3.08 b 3.20 b 
3 instar larva 
N. includens 
on on 
C.aurantium C.pepo 
7.26 u 7,32 a 
4.04 a* 3.88 a* 
2.34 a 2.22 a 
1.88a 1,88a 
1.68 a 1.60 a 
1.74 a 1.80 a 
M bisignatus 
on on 
C.pepo C.aurantium 
7.90 a 8.40 a 
4.94 b * 4.70 b* 
3.34 b 3.52 b 
2.68 b 2.72 b 
3.14 b 3.18 b 
Prepupa 
N. includens 
on on 
C.aurantium C.pepo 
6,08 a 5.78 a 
2.96 a 2.84 a 
1.64 η 1.56 a 
1.32a 1.34a 
1.18 1.14 
1.52a 1.36a 
Prc-oviposicion period (adult 
N. includens 
on o n 
C.aurantium C.pepo 
20.34 a* 20.90 ab* 
9.48 ab* 8.96 a* 
5.78 a 5.62 a 
4.56 a 4.62 a 
4.12 a 3.90 a 
4.42 a 4.54 a 
N. bisignatus 
on on 
C.pepo C.aurantium 
5.16 a 5.76 a 
2.88 a 2.76 a 
1.76 a 1.80 a 
1,50 a 1.56 a 
1.78 b 1.94 b 
egg) 
N. bisignatus 
on on 
C.pepo Cauramium 
21.76 b * 22.22 b * 
10.02 be* 10.52c* 
6 4 8 b 6.64 b 
5.24 b 5.54 b 
6.26 b 6.64 b 
Biological cycle (egg-egg) 
N. includens 
on on 
C.aurantium C.pepo 
114.32 a* 110.72 b* 
55.82 a* 53.46 b* 
34.90 a 33.88 a 
25.50 a 25.14 a 
22.80 a 21.42 a 
25.84 a 2 5 3 6 a 
N. bisignatus 
on on 
C.pepo Caurantium 
112.98 b * 117.30 c* 
58.06 c* 60.80 d* 
38.06 b 39.30 b 
30.32 b 32.00 b 
34.30 b 36.36 b 
* differences marginally significant 
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0,06-, 
0,04 
0,03 -
0,02 
0,01 -
0 
, 1/D=0.002039-temp-0.022270 
\ R2 - 0.9903 / 
ST ο 
Ν. includens *_ V 
on C, pepo », jS^ 
linear equation Ό^ 
^ ^ D = 490,5 1 (temo-m β) 
,
 r^ , -, . -
MD= 0 0Ûl543M&mp -0.014311 
0,04 
0,035 
0.03 
0.025 
0,015 J 
0,01 
0,005 
0 -
N. ùisKjna/us 
on C. surantium 
I near equation 
R' = 0.9932 
j r ο 
h / 
y^ 
Ρ "Π-.-Ι3.Π 
D = 647.91 (ternp-9-3) 
FIG. 1. Fitting of linear and Lactin equations on data of the development of Nephus includens and N. 
bisignatus at constant temperatures. Prey: Planococcus citri reared on Cucurbita pepo pumpkins or Citrus 
aurunliurn leaves. In all charts the left ordinate is the rate of development (1/D, in days'), the right 
ordinate is the development (D, in days) and the abscissa is the temperature (in °C). The solid line is the 
1/D equation whereas the drop line is the D equation. In the linear regression last data values have been 
omitted, due to deviation from the straight line, 
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Egg 
060 
0,40 
020 
000 
y = -0.0016K* * 0.074X * 0,0142 
or Surv1val=0.û01B*ttemp+3.2)-f47,1-temp| 
D.8SS3 
y = -0.0068«* » 0.2683* - 2.0716 
or Survfval=0.0DSÊ'(lemû-9.âr(36.3-temp\ 
R*-0 B460 
0 5 10 
2nd instar larva 
1,00 
0.80 
060 
0,40 
0.20 
0.00 
16 20 
y =-0.0015**- r 0 . 0 7 K + 0.1565 
or Survjyai=_u.0015*( lemp+2.ir !4B.2-lemp) 
a~ 
y = -0,0064«" » 0.2935« - 2.256 
orSurv ival=O.0064'( temp-9.6) - [36.3- temp; 
R* = 0 8399 
15 20 ?" 30 35 
1st instar larva 
o.so 
0.40 
0 20 
0 0 0 
D.0013X* + 0 0 6 3 2 K + 0 1 8 6 6 
or Sury iya l=0.0013 ' ( temp+2.8n50.3-1emp) 
= 0.9765 
.JO"-
I = -0.0062X* * 0 .2663K • 2,2097 
/ or Sgrvival=0,OOe2*[temp-9,&)*(36.4-tenip)\ 
R* • 0.B277 
τ 1 ι 1 Q-J , 
26 
-,:; 35 
3rd Instar larva 
0.40 
0.20 
000 
y •= -0.001 3K* + 0-0621X » 0.235 
orSurviv3l=a0013"iternp+3.5n50.1-tempJ 
0.6136 
0
 o—-\p 
y --0.OO64JÎ * 0,293« -2.255 
or Syrv ivaE-0.0064-( lemp-9.8n36.4- temp) l 
P.* = 0.8290 
2S 30 ?.•:. 10 
4to instar larva 
y » -O.OO09x* * O.0396x t 0.5377 
or Surviy£iiEO.00u9*(temp+10.9] "ΐ50 1 -temp) Prepupa 
1 0 0 
D.BO 
0-60 
0.40 
0.20 
0 0 0 -
y ^ F!<= 0.9818 
-- 7 T"*--.. 
/ \ 
/ \ 
/ y "-0.0064x* +0.2963K-2.2609 \ 
/ or Sufvival-0.0064*[ternp-9.7)'(36.3-tempj\ 
/ R* = 0,8183 \ 
1 Β 1 1 1 τ O-i , 
1.00 
0.80 
0.60 
0.40 
0.20 
0 00 
y = -O.Q0O8X3 * 0 . 0 3 4 8 K • 0 5699 
or 5urvryal=0.Q008'[temp+12.8) '(59 1-temp} 
0.7695 
'—·Ο Ο .\.a.. 
y · -0.0065»* • 0-2995« - 2 2962 
or S u r v i v a l - n - O O E S ' l t e m ^ 7)"(36,5-temp) 
R* = 0. 
20 25 
-, &-1 
30 35 
1 00 
0-80 -
0.60 
040 
Û.20 
0 00 
Pupa 
y = -0.0ÛU3K* + 0.ÛOB6X + 0.9002 
or Survival =0.0016-(1βπιρ+40.9)-(57.3-temp) 
R* = 0.9541 
• & . . . . , _ 
y = -0,0063K* + 0.2864X - 2 T609 
orSurvtva l=D.0063*(teTnp-9.5n36.3- lempl\ 
R' = 0-7981 
0 60 
0 40 
0 20 
Total immature 
Jl 
y = -0.0039«* +0.1787κ-1.404β 
or Survlvel.o.ooafl ' r tùmo+io r i . rq·; 7.1 
H* »0.9641 
^ - O . O W l x 3 * 0.1355* - 1 4 5 5 
or SurvivaNO rHMrriemn-IO i m s ijm, 
R* = 0,991,0 . . . . r _ 
IS 20 25 30 36 15 20 25 30 
FIG. 2. Survival of immatures of Nephus bisignatus at constant temperatures. Prey: Planococcus citri 
reared on Cucurbita pepo pumpkins. The solid line include the zero data. In all charts the ordinate is the 
survival (%) and the abscissa is the temperature (in °C). 
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1.00 
o.ao 
0.60 
0,40 
0,20 
0.00 
Egg 
y = -0.0016«*+0.0757«+ 0.0335 
or &jn4vol=3,0016*(1emp+0.4n48.4-1emp) 
„ R* = 0.8858 
= -0.006UX* + 0.Z747X - 2.1155 
or Survlval-0 006a'[temp-9,8)*(36.2-tomp\ 
R ! · 0.8626 
16 20 25 30 35 40 
0.6C 
0,40 
0.20 
0.00 
1 s t i n s t a r l a r v a y s -0.0015κ* + 0.0726X + 0.0744 
o r Suivi vaj=0.0015'(1err ip+1.0n49.1-ternp) 
* = 0,7474 
y = -Ο 00(52** + G 283«-2.229*3 
or Survîva3=0.0062T(lemp-9.8) ,[36,4-1ompy 
R* = 0.B302 
15 !0 25 30 35 40 
2nd instar larve 
1,00 
0,80 
0.60 
0,40 
0.20 
0,00 
y = -O 001ZK* + 0.0592X + 0.2453 
or Surv iva is 0012"(1emp+3 8)*f51.84omp) 
R* . 0.9504 
0 5 10 
4th Instar larva 
1.00 
0.80 
0,60 
0,40 
0,20 
0.00 
y = -0.0053K* + 0.2929« - 2.2615 
or Survivait) .Û063"(lemp-9.6) '(36 5-1emp1 
R* = 0B192 \ 
25 30 36 40 
y = 4).0O15x*+ 0.0684X + 0.2621 
or Surv i va is 0015*[!emp+3.7)'(48-7-temp) 
" =0.9999 
y = -O0067X* · 0.3062« - 2 .3627 \ 
or Survival=0.0067',:temp-9 7) ' (36 3-Ιβήρ) 
R* • 0.8406 \ 
3rd instar larva 
1.00 
o.eo 
0 6 0 
0,40 
0,20 
0,00 
Prepupa 
y = -0.0018K* + 0 . 0 6 4 K - 0.0277 
or Sijrviv9l=0.O016'(ternp-O 3)'(47.2.Wmp) 
^ . — ^ R* = 0.6 
O . — - - -
y = - 0 . 0 0 8 4 K 1 + 0.2951 κ - 2.2851 
or Survival=0.0064*(temp-9 Β)Έ(36.44βΓτιί^ 
R* = 0.8403 \ 
25 30 35 40 
y = - 0 . 0 0 0 9 K * + Û.0417X + 0,5099 
or Sur\f lVal=0.O009-Îtamp+10.0)'(54.3-temp) 
* = 0.9589 
1 = -0.OOS5X* + 0.2982X • 2.2795 \ 
or Survival=0-00551(terrTp-9.7n36.4-iempJ 
R* = 0.8166 ï_ 
25 30 35 15 20 25 30 
P u p a 
1,00 
0.80 
0,60 
0.40 
y = -0.0006«* + D 0266« + O 639S 
or Survival-0 r0306'( temp+17.1)-(59.3- lernp) 
R* =0.6620 
y = -0.0062«* + 0.2632X- 2.1565 
orSurvHal»0.rJ062-(temp-9.6)'(36.4-lerri(>) 
R ' = 0.8035 ^ _ _ _ β Λ . _ 
10 15 20 25 30 35 
Total Immature 
y - -O.0C49K* + 0.2263* -1.9337 
t>rsurv iva l=o.o«rr i ie™. i i Mww r j » , 
— f t R* a 0-WW 
y --O.0C44K* + 0.1964« -1.5777 
Or SLrvivalcOOD44,rt«ïV,-in ! W * i . . „ 
H* - 0.9660 
FIG. 3. Survival of immatures of Nephus bisignatus at constant temperatures. Prey: Planococcus citri 
reared on Citrus aurantium leaves. The solid line include the zero data. In all charts the ordinate is the 
survival (%) and the abscissa is the temperature (in °C). 
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:-0.0020x' *0.0382χ-0.2363 
1J» 
0.80 
060 
0.40 -
0.20 -
0 110 
Egg or 5υΓνΐν3|=0.002ΰ'(1επιρ-3 1)-(46 6-lemp) 
s ^ H**0.8897 
/ \ d''· 
,.' / \ '.,, 
/ y - -0.0050K* + 0.2422« - 1.8947 \ 
/ or Survtral=O.OO5O*(ternp-9.0)r(39,o-tomp) \ 
/ R* • 0.6665 \ 
1st instar larva 
Û6Û 
0 4 0 
Û.0O 
y - C u o i a i *Ü.ü645x+Q 1769 
w SurvJval-0.0013'[lflmp+2.-S)"(50.l-temp] 
y --0.Ο051* 3 * 0.24&&* - 1.9135 
or Syi^pl=0,0Û51"(lerrap-tî.6n39,0-lemp) "" 
R1 = 0.8315 
2nd inalar larva 
l 0Q 
Ο.βΟ 
0.60 
0.40 
o.zo 
o.oo 
0 5 10 
4th instar larva 
ο.ΊΟ 
0.20 
= -0.0015*' + Q.C74x 1 0.0227 
Of SLirvival=0.00lS*[temp*O,3)"(&i.(j-tempJ 
R V O . 8 7 6 1 
y = -0.005131* + Û.2G3. - 1.&486 
or 5υΓν.ν3ΐ=0,0ΰ5ΐ"{ΙθΓπρ-3.7}*(3θ.2-ίβπιρ) \ 
y ^ - O O O I ^ - t O.D709X+ 0.137 
or Survlval=O.O0T47temr>H W(5Ì 4-temp) 
R2 a 0.8 
y = -0.0054^ + 0.2βΊΒκ - 2.0516 \ 
wSuryflvflä=0.O0i>4-(i:errip-9.?,"(38-1-t«rnp) \ 
R* • 0,6264 
3rdJr.stariarva 
1.00 
Olii! 
0Ä0 
ΟΛΟ 
0+20 
0.00 
0 s 
Prepupa 
ι,βρ 
GBO 
0 60 
0.40 
0,20 
0.00 -
y * -Q.OQHx2 + 0-07035* + 0.125Ö 
ήΒυΓνίν9ΐ=0.0014,{ίΗΓπρ*-1.7ί,(50.1-1βπιρ> 
y - -ο.uosa*7 + a s m -1.9931 
c>r Suivlv a 1=0 00 5 3 " flem ρ-θ. fi }• (3θ, ι -t errtpj ^ 
R 3 ^ 0 . 6 3 Î 6 
y = - 0 . 0 0 0 5 K 1 * 0 0 2 4 3 K + 0 7 0 9 1 
or SurvTvBj^.O_O05'(temp+20.2r[6d9-temp| 
0.6219 
20 S: 35 -10 
y = -0.0OS3X2 + 0.2566* - 1,9517 
or Sunnval=0 0C53*(t&rnp-9 41*(39 2-îemp) ^ 
R2 = 0.7791 
Pupa 
10d 
o.eo 
ceo 
0-40 
0.20 
• CIO 
y ^ -0.0003^ * 0 . 0 4 Η + 0.5126 
orSurvival=O.00U9"(temp+i0.4)'(&6.1-!efip) 
__ R2 » 0.7003 
Total immatura 
y • -0.0052^ • 0.25X - 1.90*3 
wSuiMval-Û.O052'(temj>9.4)*(39.O-temp) 
R2 = 0 5063 
y « -0.W45X1 + 0,2105»! - 1,MH 
R* = 0.9345 
FIG. 4. Survival of immatures of Nephus includens at constant temperatures. Prey: Planococcus citri 
reared on Cucurbita pepo pumpkins. The solid line include the zero data. In all charts the ordinate is the 
survival (%) and the abscissa is the temperature (in °C). 
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FIG. 5. Survival of immatures of Nephus includens at constant temperatures. Prey: Planococcus citri 
reared on Ciira.i aurantium leaves. The solid l in : include the zero data. In all charts the ordinate is llie 
survival (<fc) and the abscissa is the te.mrwrntiire fin T ) . 
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TABLE 5. Thret 
prey. 
Developmen-
tal stages 
Egg 
i instar IHTVÎI 
2 instar J arva 
3 instttr larva 
A [nsinr larva 
Prepupa 
Pupa 
Pre-
oviposition 
Period 
Total imma-
ture 
Biological 
cycle 
:-way ANOVA al ίι=0,05 for Che significance of the main 
Statistical 
parameter 
F 
1' 
F 
Ρ 
F 
1' 
F 
Ρ 
F 
Ρ 
F 
Ρ 
F 
Ρ 
F 
Ρ 
F 
Ρ 
F 
Ρ 
df 
error df 
Temperature 
6667,1 
<0.0ÜÜ1 
2590.4 
<0.0001 
2160.0 
<0.00ΰ1 
2409.1 
<0.0001 
5109.0 
<0.0001 
1805.2 
<0.000l 
7391.7 
<0.0001 
8921.5 
<0.0001 
24289.1 
<0.0001 
29127.0 
<0.00I)1 
5 
599 
Species 
34.5 
<0.000! 
80.0 
<0.0001 
61.4 
<0.0001 
208.5 
<0.0001 
28.0 
<0.0001 
19.4 
<o.oooi 
123.0 
<0,0001 
33.2 
<0.0001 
11.5 
0,0008 
24.8 
<0.0001 
1 
Host uf 
P.citri 
0.9397 
0.3328 
0.0017 
0.9C74 
0.0091 
0.9239 
0,3453 
0.5570 
0.8564 
0.3551 
0.0210 
0.8847 
0.8363 
0.3608 
5.3631 
0.2090 
0.4238 
0.5153 
1.8743 
0.1715 
1 
effects and interactions of spec 
Temperature 
χ Host 
1.2839 
0.2692 
1.9721 
0.0810 
0.9837 
0.4269 
2.4891 
0.0304 
1.7975 
0.1114 
1.3676 
0.2347 
1.4394 
0.2082 
1.8236 
0.1063 
0.5688 
0.7240 
0.5025 
0.7744 
5 
Temperature 
χ Species 
215.4 
<0.000l 
171.2 
<ο.οοαι 
128.1 
<0.00D1 
146.8 
<0.0001 
193.1 
<0.0Ο01 
76.5 
<0.0001 
161.0 
<0.0001 
284,2 
<0.0001 
866.6 
<0.0001 
1012.8 
<0.0001 
5 
ies, temperature and host of 
Species χ 
Host 
16.7 
<0.0001 
19.8 
<0.000l 
35,1 
<0.0001 
2.5441 
0.1113 
33.1 
<0.0001 
11.8 
0.0006 
29.9 
<0,0001 
7.7 
0.0058 
109.4 
<0.0001 
104.8 
<0.0001 
I 
Temperature 
χ Species 
χ Host 
0.7174 
0.6105 
2.8532 
0.0148 
5,4 
<0.0001 
1.1276 
0.3444 
8.4 
<0.0001 
3.9 
0.0018 
4.7 
0.0003 
2.3 
0.0472 
12.2 
<0.0001 
9.7 
<0.()00l 
5 
Nephus includens has a shorter biological 
cycle than N. bisignatus. However, the 
latter species has tmÌri about 2-3°C lower 
than the former. This corresponds to the 
known distribution of N. bisignatus in 
Northern Europe (Norway, Finland, Swe-
den, Denmark, Netherlands and Germany) 
(Pope 1973, Francardi and Covassi 1992), 
and Λ. includens exclusively in countries 
with warm climate (Turkey, Spain, Italy, 
Portugal) (Bodenheimer 1951, Tranfaglia 
and Viggiani 1972, Viggiani 1974, Longo 
and Benfatto 1987, Suzer et al. 1992, Ma­
gro et al. 1999, Magro and Hemptinne 
1999). The comparison of the thermal 
constants leads us to conclude that N. 
includens can complete more generations 
per year than N. bisignatus in temperate 
climatic conditions. In fact in Greece, they 
complete five and four generations per 
year, respectively (Kontodimas 2004). 
The geographical distribution of the two 
predators in composition with our results 
also support the hypothesis that N. bisignatus 
could be more tolerant to cold than its conspeci-
fic. Both predators have lower temperature 
thresholds than Cryptolaemus montrouzieri 
Mulsant (Coleoptera: Coccinellidae), a cosmo­
politan predator of P. citri, given that its lower 
developmental threshold for total development 
is 13.7°C (Babu and Azam 1988). In contrast, 
the respective threshold of another pseudococ-
cid predator Nephus reunioni is 10,9°C (Iz-
hevsky and Orlinsky 1988) almost identical to 
N. includens lower developmental threshold. No 
other experimental data about critical tempera­
tures of citrus mealybug predators are available 
in the literature, 
The comparison of the two hosts of Plano­
coccus citri did not show any biologically statis­
tical differences although the mean total devel­
opment times for N. includens were getting 
shorter in C. aurantium leaves in contrary to N. 
bisignatus. 
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